A new monoclonal antibody (5F81A4P1.9), which is specific for subtype 9 antigen of meningococci, was studied. The antibodies were raised against a previously non-typable (NT) serogroup B strain from Brazilian patients and were found to react with the subtype antigen of prototype reference strains for subtype 9 (M982), as well as with those of homologous strains. The subtype 9 epitope was found in 6.8% of serogroup B strains among 602 strains of Neisseria meningitidis case isolates, including representative isolates from Brazilian states. Subtype P1.9 was predominantly related to serogroup B in Brazil among the isolates collected during the N. meningitidis epidemic in 1992. No significant differences were observed in the occurrence of subtype P1.9 among strains isolated from several Brazilian states. Fluorescence-activated cellsorter analysis showed that 5F81A4 MAb recognized a 46 kDa protein on the surface of a homologous strain of N. meningitidis (B:4:P1.9). These results, in association with a bactericidal activity assay for 5F81A4, and with experimental passive protection in mice, demonstrated the importance of subtype 9 class 1 proteins of N meningitidis in Brazil. Serotyping is essential for the development of vaccination strategies.
Neisseria meningitidis is an encapsulated bacteria that has been the cause of severe diseases, both in developing countries and the western world. Infection with encapsulated bacteria can be circumvented by immunization with type-specific polysaccharide-protein conjugated vaccines generating antibodies to the capsular polysaccharides. The polysaccharide from serogroup B meningococci, a polymer of alfa-2,8-neuraminic acid, is a common epitope that is also found on the surface of human cells. For this reason, many investigators have chosen it to develop outer membrane protein-based vaccines against meningococci [1] .
Since 1988, large epidemics of meningococcal disease (MD) due to meningococcus B disease (MenB) have been occurring in the greater São Paulo city (GSP) region, in the state of São Paulo [2] .
The outer membrane proteins of N. meningitidis have attracted attention mainly for two reasons; their use for the classification of meningococcal isolates into serotypes and subtypes, and as potential components of vaccines against this pathogen. Meningococci reveal higher genetic diversity than the most other human pathogenic bacteria. This can be partly explained by horizontal intraspecies recombination and incorporation from closely related Neisseria species [3] . Traditionally, strains have been characterized by antibodies that recognize the surface-exposed epitopes on the capsule or the outer membrane. By means of this technique, 13 serogroups (identifying capsule antigens), 20 serotypes (identifying class 2/3 OMP antigens), and 20 subtypes (identifying class 1 OMP antigens) have been defined [4] . An example of serological typing nomenclature is B:4:P1.9, indicating that it is meningococci serogroup B, serotype 4, and subtype P1.9. Based on the antigenic properties of this lipopolysaccharide, renamed lipooligosaccharide (LOS) because of its relatively short sugar chain, another 13 immunotypes, designated by the letter L, can be distinguished [5] . Additional typing is achievable by using antigenic properties of immunoglobulin A1 (IgA1) proteases and N. meningitidis pili [6] .
Epidemiological studies of MD were not possible prior to the development of methods for serogroup identification of strains [7] . Serotyping has enabled precise studies on the prevalence of serogroup B and C strains as sources of infection. This method has been used to assess strains isolated from meningococcal meningitis outbreaks, and to compare the serotype strains isolated from patients and carriers.
Until recently, hyperimmune sera were used to type bacterial antigens; however, obtaining high-grade antisera was difficult, and typing was time-consuming, as an extensive serum absorption procedure was required, and elucidation of numerous cross-reactions was necessary [8] . The advent of monoclonal antibodies (Mabs) has eliminated many technically problematic issues, and it has greatly improved the accuracy and reproducibility of meningococcal serotyping procedures. Nevertheless, some types and serotypes are still identified by means of polyclonal rabbit sera, due to a lack of corresponding MAbs.
We characterized a monoclonal antibody to the class 1 outer membrane protein of N. meningitidis subtype 9, and we examined the distribution of this subtype epitope among Brazilian meningococcal strains. (Parts of this work were presented at the Tenth International Pathogenic Neisseria Conference, Winchester, England [9] . Whole cell suspensions of 602 case strains of N. meningitidis from Brazil included 427 strains from different subtypes, and 175 (NT) strains previously analyzed with P1.9 monoclonal antibody. The group B strains were isolated in 1992 from patients with meningococcal disease, which were screened on dot blots with a panel of serotypes and MAb subtypes, as described elsewhere [10] .
Material and Methods

Growth and maintenance of bacterial strains
The N. meningitidis serogroup B strain used for MAb production was isolated from an MD epidemic that occurred in 1992 in GSP (case strain), and it was initially classified as serotype 4 2 atmosphere for 16 to 18 h at 37°C in a candle extinction jar. All of the meningococci were isolated from blood or cerebrospinal fluid specimens from patients with systemic disease, and the bacteria were deposited in the culture collection of the Adolfo Lutz Institute, São Paulo, SP, Brazil. Following biochemical characterization, the strains were serogrouped at the Bacteriology Section of Adolfo Lutz Institute by the slide agglutination technique, using antisera produced against nine major capsular serogroups. These antisera were prepared by the National Reference Center for Meningitis (Adolfo Lutz Institute). The bacteria used in this study were serosubtyped by dot-blotting, using Mabs.
Monoclonal antibody production and characterization
Production of MAb was made using a previously described technique [11] . Briefly, BALB/c mice were immunized with a saline suspension of N. meningitidis 368/88, containing approximately 10 8 bacteria that had been heat-inactivated at 56 o C for 30 min. Mice were immunized with 4 doses of meningococci suspension, both intraperitonealy and intravenously, 3 days before fusion. Spleens were harvested 3 days after the final immunization, and lymphocytes were fused with P3X63-Ag 8.653 mouse myeloma cells at a ratio of 4:1, as previously described. Positive clones were selected by enzyme-linked immunosorbent assay (ELISA) using plates coated with 368/88 outer membrane complex (OMC). Western blot analysis was performed to confirm the binding of the MAb to class 1 OMP (46 kDa) of the 368/88 strain. Ascites fluids were produced by means injection of 5 ×10 6 hybridoma cells into pristane-primed BALB/c mice. Ascites fluids were pooled, the titers were determined, and they were then stored at -20°C in aliquots. All procedures with animals were in accordance with the principles of the Brazilian Code for the Use of Laboratory Animals. The MAbs class and subclass were determined by ELISA, using peroxidase-conjugated anti-mouse immunoglobulin following the manufacturer's (mouse hybridoma subtyping kit; Boehringer Mannheim Biochemicals, Indianapolis) instructions.
Dot blot analysis
The cell suspension (1µL of bacteria) was suspended in PBS, pH 7.4, with 0.02% sodium azide. Cells were heat-inactivated at 56 o C for 30 min and the absorbance of the suspension was adjusted to OD 0.1 at 650 nm using a Coleman 6
A Junior Spectrophotometer. The bacteria were dotted onto nitrocellulose membranes, and the membranes were dried for 10 min at room temperature (RT) and used immediately. Membranes were blocked for 30 min with 5% skim milk (Nestle, Brazil). MAbs of various specificities, diluted to 1:10,000 in blocking buffer, were added. Membranes were incubated overnight at RT on a rotator, and then washed three times with PBS. The membranes were placed in a solution containing 1µg/mL of phosphataselabeled goat anti-mouse immunoglobulin G (IgG) plus IgM (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD) diluted in blocking buffer, and allowed to react for 2 h at RT on a rotator. The membranes were washed three times with PBS, and one time with 50 mM Tris (pH 8.0) and developed adding 1 mg of naphthol AS-MX phosphate per mL plus 2 mg of Fast Red TR salt per mL in 50 mM Tris buffer (pH 8.0) (Sigma Chemical Co., St. Louis, Mo).
Preparation of OMC of N. meningitidis
The OMC was prepared from N. meningitidis Brazilian epidemic strain N368/88. Whole cells were suspended in lithium acetate buffer pH 6.0, containing 20 mM sodium chloride and 10 mM sodium EDTA, and then were shaken with 6-mm glass beads at 300 rpm for 2 h. The supernatant was collected and centrifuged at 40,000 g for 2 h. The pellet was washed three times, and then suspended in distilled water. Each preparation was diluted to a final concentration of 1mg protein per mL and stored at -70 o C in aliquots. Protein concentrations of OMC were determined by the Lowry technique [12] .
SDS-PAGE and immunoblotting
SDS-PAGE was carried out in 13% acrylamide gels measuring 16 X 16 X 0.15 cm. OMC at a concentration of 2.5 mg of protein per mL and lowmolecular-weight protein standards (Amersham & Biociences) were mixed 1:1 with treatment buffer (0.125 M Tris-Cl (pH 6.8) , 4% SDS, 20% glycerol, 10% 2-mercaptoethanol) and boiled for 10 min before being loaded onto the gels. Gels were run at a constant current of 30 mA per gel at 10°C for approximately 4 h. The gels were then stained with Coomassie brilliant blue R-250 or blotted onto nitrocellulose filters (0.22-µm pore size) BioRad at 30 V overnight at 10°C. Immunoblotting was performed as described for dot blotting, except for the primary antibody, which was diluted 1:2000.
Bactericidal activity
The bactericidal assay was carried out using Brazilian epidemic serogroup B N homologous strain 368/88 in 96-well plates, as described by De Gaspari and Zollinger [13] , with some modifications. Briefly, the final reaction mixture (50 µL) contained 25 µL of serial twofold dilutions of test serum that had been heatinactivated at 56 o C for 30 min, 12.5 µL baby rabbit serum as the complement source, screened for absence of anti-meningococcal activity, and 12.5 µL of a Table 1 . Reference and case strains of Neisseria meningitidis used in Dot ELISA for typing using the monoclonal 5F81A4 suspension of exponential-phase meningococci (60 cfu per well), grown in agar containing 1% (v/v) horse serum. The reaction mixture was incubated at 37°C for 30 min, and 130 µL tryptic soy agar (TSA), cooled to approximately 45°C, was added to each well. The mixture was allowed to solidify and the plates were incubated for 18 h at 37°C in 5% CO 2 . Viable bacteria counts were done at time 0 (t 0 ), before incubation with complement, in order to estimate the number of cfu for 100% survival, by plating 12.5 µL bacterial stock suspension onto a 150 x 150 mm TSA plate. Control wells included on each microtiter plate contained: (i) bacteria, complement and buffer (complementdependent control) or (ii) bacteria, heat-inactivated complement and buffer (complement-independent control). In addition, a positive control was included in each assay, consisting of serial dilutions of a known positive serum. Assays were carried out in duplicate [14] . The bactericidal titer of the serum was defined as the reciprocal of the serum dilution that killed 50% of the bacteria at t 0 .
Bacteremia
A mouse model of infection [11] was used to determine the protective capacity of 5F81A4 MAb . Figure1: Dot-blot assay with whole cells of Neisseria meningitidis of Brazilian isolates serogroup B. Non typable strains 1a: culture supernatant monoclonal antibody P1.9 diluted 1:500; 1b: ascite monoclonal antibody P1.9 diluted 1:2,000; 2: immunoreactivity of ascite of monoclonal antibody P1.9 with reference strains M 982 (P1.9) and strains described in Table. Bacterial levels/ml (homologous strain) were administered via intraperitoneal (i.p) injection about 10 minutes later. Bacteremia was monitored by cutting the tip of the mouse's tail with a sharp scissors and collecting 10 mL of blood with an automatic pipette. Each blood sample was inoculated and spread with a sterile glass road onto TSB-supplemented agar with 1% heat-inactivated normal horse serum containing vancomycin, colistin, and nystatin (Sigma Chemical Co, Biotechnology, Piscataway, NJ) to inhibit the growth of other microorganisms. The bacterial colonies were counted after incubating at 37 o C in the presence of 5% CO 2 for 18 h. The rate of bacteremia for each group of animal was calculated as the arithmetic mean log 10 of the number of colony-forming units per milliliter of blood.
Determination of MAb 5F81A4 reactivity with the surface of N. meningitidis by flow cytometry
The ability of 5F81A4 MAb to bind to the surface of pathogenic strains of group B N. meningitidis was determined by means of flow cytometry, through indirect immunofluorescence of N. meningitidis strain N368/88. Whole cells in 0.02% sodium azide were washed and resuspended to an optical density of 1.0 at 650 nm in saline containing 1% (w/v) bovine serum albumin (Sigma). Bacteria were then mixed in 100 mL with MAb (ascitic fluid) diluted in 200 mL S/BSA, and incubated at 37 o C for 30 min. Saline or "nonsense" MAbs specific for unrelated IgG were employed as negative controls. Antibody-exposed bacteria were washed twice with S/BSA and mixed with 200 mL of appropriately diluted FITC-labeled second antibody. The FITC-labeled probe was affinity-purified goat serum anti-mouse IgG. The bacteria were incubated with FITC-labeled antibodies for 30 min at 4ºC, washed twice with saline and resuspended in 1 mL of saline. The control consisted of bacteria incubated in 1% BSA in saline. All samples were analyzed in triplicate [15] . The positive controls were meningococcal MAbs specific for immunotypes L8 (1C31B8Br4) and L1 (1B81C3 Br5) [20] . Fluorescence emissions of 5000 stained bacteria from each sample were measured in a flow cytometer (FACScan; Becton Dickinson Immunocytochemistry Systems, Mountain View, CA). Forward-scatter threshold and live cell gates were optimized to exclude cell debris and large bacterial aggregates from the analyses. MAb binding was expressed as the percentage of cells with intensely higher fluorescence than those stained with negative control MAb.
Results
Electrophoretic analysis of proteins
Immunochemical characterization of N. meningitidis OMC was made by 13% SDS-PAGE (Figure 1:3a) .
Monoclonal characterization
The immunoglobulin class and subclass of the MAb of cell line 5F81A4 was characterized by ELISA as being IgG (Ig2a, kappa light chain). This MAb was assessed with a Dot-Blot assay for specificity to reference strain P1.9 (M982) ( Figure. Based on these results, the 5F81A4 MAb was assumed to be subtype P1.9, and it was renamed as MAb 9. Another monoclonal antibody obtained in this fusion (1A11E10) with class 3 (37 kDa) of N. meningitidis was used as a position marker on immunoblot [17] ( Figure.1:4b,d,f) , employing case strains N368/88, N16/92 and N23/92.
Bactericidal activity
The functional activity of MAb was measured by means of a bactericidal assay. Bactericidal activity of MAb 5F81A4 (P1.9) tested by a microbactericidal assay was 90%, 80%, 45% and 25%, respectively, with B:4:P1.9 (homologous strain) at 1:50: 1:100: 1:200, and 1:500 ascites dilutions.
Mouse bacteremia
The protective effect of MAb 5F81A4 was assessed in mice. The rate of bacteremia was greatly reduced after 1 h treatment. Passive administration of MAb 5F81A4 to BALB/c mice significantly reduced bacteremia in a concentration-dependent manner (Figure 2) .
Flow cytometry analysis
The ability of the 5F81A4 MAb to bind to 46 kDa protein on the surface ofthe pathogenic N. meningitidis group B strain was also determined by indirect immunofluorescence assay and was analyzed by flow cytometry (Figure 3 ). The B:4:P1.9 strain of N. meningitidis was used.
Serotype distribution
The distribution of epitope 9 was estimated by screening 602 Brazilian N. meningitidis strains isolated from meningococcal disease cases during 1992. The new monoclonal antibody specifically recognized N. meningitidis class 1 of the P1.9 subtype epitope of reference strain M982 of N. meningitidis ( Figure.1:2) . Table 2 gives the extent of occurrence of these N. meningitidis B subtypes in 1992. Subtype P1.9 appears to be related to sorogrup B sorotype 4, contributing 6.8% of the subtype serogroup B strains in Brazil. The use of MAb did not decrease the percentage of nontypable serogroup C strains. However, there was a decrease in nontypable strains to serogroup B, 18.3%. The distribution of the P1.9 epitope in strains isolated from various Brazilian states was determined (Table 3) . Through the use of a set of MAbs for the serotypes and subtypes, it was observed that subtype P1.9 is related to serotype B:4 (Table 4 ) .
Discussion
The most appropriate screening methods and subtyping analysis are required for an adequate investigation. A panel of well-characterized subtypespecific MAbs should be selected, in order to identify most strains. This epidemiological screening method has proven to be effective in assessing outbreaks during the last 15 years.
Typing of N. meningitidis includes determination of group, serotype, and subtype by either whole-cell ELISA or with dot blot assays, using MAbs. The subtype specificity of MAb is defined by its reactivity, by immunoblot analysis, to the approximately 46kDa OMP (PorA) of the immunizing strain. Subtyping MAbs usually bind to one of two VRs of PorA, and many of these epitopes are known. In recent years, several mutants of subtypeable strains carrying point mutations and deletions in VR1 and VR2 that fail to bind to subtype-specific MAbs have been isolated [18] . These identified subtype variants have been designated as such by the addition of a lowercase letter to the subtype name.
The PorA, or N. meningitidis class 1 outer membrane porin protein, has been used as the subtyping antigen for the characterization of meningococci. Monomeric PorA is a transmembrane protein with eight [19] . These two regions define the dual PorA subtype, designated P1. x,y, where "P1" stands for the class 1 protein and "x" and "y" stand for numbers denoting the VR1 and VR2 domains, respectively. The two subtype regions of PorA are generally determined by an (ELISA) [20] or a blotting assay, with reference MAbs directed against epitopes in VR1 or VR2; consequently, each PorA can bind to two different subtype-specific MAbs. In addition, variations in VR1 and VR2 can be analyzed by sequencing porA genes [19] [20] [21] . The value of producing monoclonal antibodies to a nontypable meningococcal strain is probably related to the frequency with which the strains of this antigenic phenotype are isolated from the population. If a nontypable group B strain is representative of a significant percentage of case isolates, it may be desirable to use it in vaccine production or as a target strain in bactericidal assays. Nongroupable N. meningitidis can constitute one third or more of meningococcal isolates recovered from the nasopharynx of human carriers [22] .
The profile of outer membrane protein bands on SDS polyacrylamide gels can be used to survey nontypable strains and as presumptive data about whether a given strain is representative (presenting the same serotype and subtype) of a significant percentage of all nontypable strains.
MAbs prepared against frequent nontypable strains can be used for a number of purposes: (a) for serotyping, serosubtyping, and immunotyping meningococcal isolates; (b) to identify additional protective antigens; (c) to monitor the stability of antigenic expression of the strain used in bactericidal assays, or for vaccine production; (d) to determine the degree of antigenic variation that occurs in a particular antigen; (e) to select positive clones for the expression of a specific antigen in gene cloning experiments; (f) to identify new strains with epidemic potential, or a change in the antigenic phenotype of an epidemic strain; and (g) to select strains to include in group B vaccines, or for evaluating vaccine potency by means of bacterial assays [23, 24] .
When fusions are performed, the nature of the immunization antigen, and the technique used for screening antibody-producing clones, will determine which monoclonal antibodies will be the most suitable. With careful planning, a variety of useful antibodies may be obtained from a single fusion [11, 13] .
Some of the applications of monoclonal antibodies have not been specifically related to nontypable strains, but rather to MAbs in general. Monoclonal antibodies have provided the most accurate and detailed characterization of meningococcal isolates when compared with previously used tools. This capability can lead to new insights into the epidemiology and the pathogenesis of meningococcal disease. For instance, it was previously thought that there was no relationship between nasopharyngeal meningococci and the incidence of disease. By using monoclonal antibodies to identify epidemic strains on the basis of serotype and subtype, a high correlation between carriage of an epidemic strain and the incidence of disease has been shown.
MAb 5F81A4 appeared to bind to an epitope in a conformational-dependent manner. After denaturation in SDS-PAGE, MAb 5F81Br4 bound only to the class 1 antigen of N. meningitidis B (P1.9).
At the appropriate concentrations, the MAb that we have described has effectively defined most of the strains with the P1.9 subtype in screening procedures, but it has failed to detect at least one variant strain. It would be impractical to include multiple antibodies for each subtype variant that has been identified, since epidemiological screening would then require about 15 MAbs. The investigator must be aware that some subtype variants will not be detected.
MAbs form the basis of meningococci typing for diagnostic and epidemiological purposes. Recently, an increased number of strains have been isolated that fail to react with the current set of Mabs; therefore new typing methods have been sought [25] . One way to assess the diversity of meningococcal antigens is to determine the nucleotide sequence of the genes that encode them. The most studied gene is por A, encoding the class 1 outer membrane protein (Por A), which is a target for serosubtyping MAbs. A new scheme for the designation of subtypes based on their amino acid sequences has been proposed [26] , and this information, combined with a knowledge of MAbs structure may ultimately lead to engineering reagents with desired specificities. We used the P1.9 subytype to illustrate the particular effect on the development of comprehensive new reagents for defining meningococcal subtypes, to be used as proteins for vaccine preparation in Brazil [27] . The composition of various group B OMP vaccines, and clinical trials using vaccines against N. meningitidis B were recently reviewed [1] .
